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INTRODUCTION 

Inorgan ic  species n a t u r a l l y  present i n  biomass p lay  a dual r o l e  i n  terms o f  t he  
thermochemical p roper t i es  o f  biomass and i t s  char.  They d ramat i ca l l y  a f f e c t  t he  tem- 
pera ture  and ex ten t  o f  p y r o l y s i s ,  and many a re  e f f e c t i v e  c a t a l y s t s  f o r  combustion and 
g a s i f i c a t i o n  reac t ions  o f  t he  r e s u l t i n g  char.  
on the  e f f e c t  o f  p repy ro l ys i s  t rea tment  o f  wood w i t h  g a s i f i c a t i o n  ca ta l ys ts  has i n d i -  
cated t h a t  inorgan ic  species n a t u r a l l y  present i n  wood are  exchangeable w i th  ions  added 
from so lu t i on .  Glucuronic a c i d  groups which a re  present i n  the  hemicel lu lose f r a c t i o n  
o f  wood, p a r t i c u l a r l y  i n  the  a c e t y l  4-0-methylglucuronoxylans which comprise the  hemi- 
ce l l u lose  f r a c t i o n  o f  hardwoods, a re  th most l i k e l y  s i t e s  f o r  i on  exchange. 
phenol ic groups i n  the  l i g n i n  f r a c t i o n  are  another probable exchange s i t e .  Th is  study 
was undertaken t o  determine t h e  r o l e  o f  exchangeable ca t i ons  on char fo rmat ion  and t o  
fu r the r  examine the  na ture  o f  i o n  exchange i n  wood. 
acid-washed wood were t r e a t e d  wi th  so lu t i ons  o f  t he  two most p reva len t  n a t u r a l l y -  
occur r ing  inorgan ic  species i n  wood, calc ium and potassium; and the  e f f e c t  o f  t he  
treatments on the  thermal decomposition o f  t he  wood was determined by thermogravimetry 
(TG) and d e r i v a t i v e  thermogravimetry (DTG). The r e s u l t s  i n d i c a t e  the  mode of a d d i t i o n  
o f  g a s i f i c a t i o n  c a t a l y s t s  added t o  wood and t h e i r  ef fects on carbon iza t ion .  

Previous work i n  t h i s  l abo ra to ry  (1 )  

Free 

Thus, samples o f  un t rea ted  and 

EXPERIMENTAL 

The pr imary sample used i n  t h i s  study was a we l l -charac ter ized  sample o f  b lack  
cottonwood, Populus t r i chocarpa,  a common North American hardwood. Douglas fir, 
Pseudotsuga menze is i i ,  was used as a secondary sample t o  con f i rm  s p e c i f i c  t rends 
i n  a softwood species. 
retained. 

Samples were ground and sieved and the  20-40 mesh f r a c t i o n  was 
The chemical composi t ion o f  both samples i s  g iven  i n  Table I. 

TABLE I 
ANALYSIS OF WOOD SAMPLES AND THEIR ASH CONTENT 

Percent Percent Inorgan ic  Ana lys is  (ug/g wood) 
Species Ash L i g n i n  Na K Mg Ca Mn Fe 
Cottonwood 0.41 20.3 18 668 324 869 <5 5 
Douglas fir 0.10 27.4 3 32 53 314 20 <3 
Wood samples were t rea ted  w i t h  potassium carbonate o r  calc ium acetate f o r  TG ana lys is  
by  soaking i n  a 0.013 N s o l u t i o n  o f  t he  s a l t  f o r  30 minutes and removing excess s o l u t i o n  
by  f i l t r a t i o n  w i t h  suc t ion .  
wood was then s t i r r e d  f o r  30 minutes i n  d i s t i l l e d ,  degassed water t o  remove adsorbed 
s a l t s  and d r i e d  a t  4OoC under reduced pressure.  
wash was e l im ina ted  t o  p rov ide  samples t r e a t e d  a t  a l e v e l  beyond the  exchange capac i ty  
o f  the  wood w i t h  adsorbed s a l t s .  

Acid-washed wood and c e l l u l o s e  samples were prepared by p lac ing  10 g o f  t he  
sample i n  200 m l  of 0.1 N HC1 and s t i r r i n g  f o r  4 hours a t  room temperature. The 
suspension was then f i l t e r e d  and the  wood was washed w i t h  2 l i t e r s  o f  d i s t i l l e d  water,  
covered w i th  d i s t i l l e d  water and s t i r r e d  ove rn igh t .  

For p repara t i on  o f  ion-exchanged samples, t he  f i l t e r e d  

I n  some cases, t he  d i s t i l l e d  water 

The sample was f i l t e r e d  again, 

1 Professor Fred Shafizadeh, D i r e c t o r  o f  t h e  Un ive rs i t y  o f  Montana Wood Chemistry 
Laboratory, passed away October 1,  1983. 
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placed i n  a ce l l u lose  e x t r a c t i o n  th imb le  and washed f o r  4 hours i n  a Soxh le t  ex t rac to r .  
The sample was then d r i e d  a t  70°C under reduced pressure.  

Thermogravimetry was c a r r i e d  o u t  using a Perkin-Elmer TGS-2 system which was 
in te r faced  t o  a microcomputer f o r  data a c q u i s i t i o n  and temperature program con t ro l .  
For determinat ion o f  char  y ie lds ,  one m i l l i g r a m  o f  sample was heated i n  a p la t inum 
pan t o  the  des i red  temperature a t  25"C/min under f l ow ing  n i t rogen.  Th is  system was 
a lso  used f o r  ash determinat ions,  i n  which case the  sample was heated t o  550°C a t  
20°C/min under a mix tu re  o f  02 and N2 and he ld  a t  55OOC f o r  10 min. Ash determina- 
t i ons  made i n  t h i s  way agreed w i t h  those determined on a l a r g e  sca le  by standard 
methods t o  w i t h i n  0.02%. 

Surface areas o f  chars were determined g r a v i m e t r i c a l l y  using a Cahn R-100 
electrobalance ( s e n s i t i v i t y  = 0.1 119) equipped w i t h  a Cahn adsorp t ion  tube. 
were determined f o r  5-10 mg samples by mon i to r ing  carbon d iox ide  adsorp t ion  a t  room 
temperature. 
equat ion (2 ) .  

Isotherms 

Surface areas were ca l cu la ted  by a p p l i c a t i o n  o f  .the Dubinin-Polanyi  

RESULTS AN0 DISCUSSION 

The e f f e c t s  o f  a c i d  washing and add i t i on  o f  ca lc ium and potassium s a l t s  on the  
ash content,  char y i e l d  and decomposition temperature o f  cottonwood, Douglas fir and 
ce l l u lose  samples a re  shown i n  Table 11. 

TABLE I 1  
EFFECTS OF VARIOUS TREATMENTS ON MINERAL CONTENT. CHAR YIELD (HTT 600°C) 

AND TEMPERATURE OF MAXIMUM WEIGHT LOSS IN  WOOD AND CELLULOSE 

The ash contents o f  t h e  ion-exchanged 

Sample and Ash Content Char Y i e l d  Temperatur: o f  
Treatment (%, d.a.f.) (X ,  d.a. f . )  DTG Peak ( C) 
COTTONWOOD 

Untreated 0.40 t 0.03 12.8 f 0.1 387 f 2 
Acid washed, 0.1% HC1 co.01 9.8 f 0.4 379 f 1 
Acid washed, potassium added 

from so lu t i on  0.40 f 0.05 17.2 f 0.4 366 f 1 
Acid washed, calc ium added 

from so lu t i on  0.27 t 0.04 12.7 t 0.3 394 f 1 
Acid washed, ca lc ium and potas- 

sium added from s o l u t i o n  0.36 f 0.01 12.4 t 0.3 393 2 3 
Potassium added from s o l u t i o n  0.45 2 0.05 14.1 f 0.5 375 f 1 
Calcium added from s o l u t i o n  0.34 t 0.03 11.5 f 0.3 389 f 1 
Hot water, 6 h r .  @ 60°C 0.26 ?r 0.01 11.2 f 0.3 391 t 1 
DOUGLAS FIR 

Untreated 0.10 t 0.01 15.7 t 0.3 385 t 1 
Acid washed, 0.1% HC1 co.01 13.4 t 0.3 388 t 1 
CELLULOSE (CF-11) 

As rece ived co.01 5.4 t 0.3 367 f 1 
Ac id  washed, 0.1% HC1 <0.01 3.6 t 0.1 354 f 2 
Acid  washed, potassium added from 

s o l u t i o n  (no H20 wash) 0.09 f 0.04 10.6 t 0.1 392 f 1 
Ac id  washed, calc ium added from 

s o l u t i o n  (no H2O wash) 0.13 t 0.01 5.7 2 0.1 365 k 1 



cottonwood samples are  s i m i l a r  t o  t h a t  o f  t he  un t rea ted  sample, suggest ing t h a t  t he  
f a c t o r s  c o n t r o l l i n g  the  ash conten t  i n  wood a re  r e l a t e d  t o  some exten t  t o  ion- 
exchange capaci ty.  
- v c ~ y  case because the  wood has lower exchange capac i ty  f o r  t he  d i v a l e n t  calc ium 
ca t ion .  

Comparison o f  t he  char  y i e l d s  and decomposition temperatures o f  untreated, 
acid-washed and ion-exchanged cottonwood samples provides some i n s i g h t  i n t o  the  
ove ra l l  e f fec t  o f  i no rgan ic  species on char format ion,  as we l l  as con t r i bu t i on  o f  
s p e c i f i c  ca t ions  t o  the  o v e r a l l  e f f e c t .  
I1 t h a t  bo th  the  na tura l  ash components and the  ions  added from s o l u t i o n  s i g n i f i c a n t l y  
increase the  char y i e l d  above t h a t  obtained f o r  t he  ash-free sample. 
i n  char y i e l d s  from unt rea ted  and acid-washed Douglas fir samples i s  less ,  apparent ly  
because o f  t he  lower ash conten t  o f  t h a t  sample. 
a lso  has a profound e f f e c t  on t h e  phys ica l  p roper t i es  o f  t he  char.  
wood r e t a i n s  the  o r i g i n a l  c e l l u l a r  s t ruc tu re  o f  t he  wood, whereas the  o r i g i n a l  
s t r u c t u r a l  fea tures  o f  t he  wood a re  l o s t  dur ing  carbon iza t ion  o f  acid-washed wood. 
Chars were formed from several  subs t ra tes  under a v a r i e t y  o f  cond i t ions  i n  o rder  
t o  determine the  requirements f o r  l oss  o r  r e t e n t i o n  of phys ica l  s t ruc tu re .  
we found t h a t  t he  phys ica l  s t r u c t u r e  was l o s t  o n l y  i n  acid-washed wood samples and 
p a r t i c u l a r l y  when heated a t  h igh  r a t e s  (>50O0C/min). 
c e l l u l a r  s t r u c t u r e  even when heated a t  very  h igh  ra tes ,  however. 

Because o f  t he  poss ib le  imp l i ca t i ons  o f  l oss  o f  c e l l u l a r  s t r u c t u r e  i n  terms o f  
ava i l ab le  sur face  areas, we measured surface areas o f  chars prepared a t  h igh  
heat ing ra tes  f rom unt rea ted  and acid-washed samples of Douglas fir nd ce l l u lose .  
A l l  o f  t he  samples had t o t a l  sur face  areas o f  between 800 and 1000 m?/g, i n d i c a t i n g  
the  t o t a l  a v a i l a b l e  sur face  area i s  n o t  s i g n i f i c a n t l y  reduced due t o  l oss  o f  c e l l u l a r  
s t ruc tu re  i n  the  wood. 
s t ruc tu re  i n  the  acid-washed wood i s  counteracted by foaming o f  t he  in te rmed ia te  char 
dur ing carbon iza t ion .  

ions,  which r e s u l t e d  i n  an 80% increase i n  char  y i e l d ,  even a t  t he  low concent ra t ion  
a f fo rded by i o n  exchange. 
more l i k e  t h a t  o f  t he  un t rea ted  sample, which suggests t h a t  ca lc ium content s t r o n g l y  
inf luences the  char y i e l d  i n  t h i s  sample. 
decomposition temperature adds f u r t h e r  support  t o  t h i s  hypothesis.  
reduces the  temperature o f  decomposition, w h i l e  ca lc ium treatment increases the  
decomposition temperature. Therefore, the h igher  temperature o f  decomposition o f  
untreated wood compared t o  acid-washed wood can be a t t r i b u t e d  t o  the  dominant e f f e c t  
of calc ium on the  decomposition. 
so lu t i on  (0.007 N i n  each) g ives  r e s u l t s  very s i m i l a r  t o  those found f o r  the  ca lc ium 
treatment, which i nd i ca tes  t h a t  t he  ca lc ium i s  bound p r e f e r e n t i a l l y .  

of  cottonwood prov ide  a means o f  de termin ing  the  ex ten t  o f  exchange o f  ions  f rom 
s o l u t i o n  with na tu ra l l y -occu r r i ng  i no rgan ic  species.  
o f  potassium and ca lc ium t o  p rev ious l y  un t rea ted  cottonwood r e s u l t s  i n  the  same 
changes i n  the  thermal decomposition pa t te rns  as observed f o r  t reatment o f  acid-washed 
cottonwood, al though the  e f f e c t s  a re  l e s s  pronounced. 
creases the  char y i e l d  and reduces the  decomposition temperature, wh i l e  add i t i on  o f  
ca lc ium reduces the  char y i e l d  and increases the  decomposition temperature s l i g h t l y .  
These r e s u l t s  i n d i c a t e  t h a t  t he  o r i g i n a l  ash components can be replaced t o  some 
degree by elements added from s o l u t i o n  through i o n  exchange. 

Table I1 a lso  shows the  TG r e s u l t s  f o r  a cottonwood sample ex t rac ted  w i t h  ho t  
water. This t reatment was inc luded p r i m a r i l y  t o  determine whether the  ho t  water 
Soxhlet  ex t rac t i on  step a f t e r  a c i d  washing might have r e s u l t e d  i n  swe l l i ng  o f  t he  wood, 
which cou ld  be expected t o  a f f e c t  t he  ex ten t  o f  cha r r i ng  o f  t he  wood. As shown i n  

As expected, t he  calcium-exchanged samples conta in  l ess  ash i n  

I t  i s  apparent f rom the  data given i n  Table 

The d i f f e rence  

As shown i n  Figure 1, ac id  washing 
Char from unt rea ted  

I n  general, 

Acid-washed c e l l u l o s e  re ta ined  i t s  

As seen i n  Figure 1,  i t  i s  very  l i k e l y  t h a t  t he  l oss  o f  c e l l u l a r  

The most pronounced e f f e c t  o f  added inorgan ics  i s  due t o  add i t i on  o f  potassium 

The char y i e l d  from the  calcium-exchanged cottonwood i s  

The e f f e c t  o f  ion-exchange treatments on the  
Potassium treatment 

Add i t i on  o f  potassium and calc ium from the  same 

The c h a r a c t e r i s t i c  e f f e c t s  o f  ca lc ium and potassium on the  thermal decomposition 

As shown i n  Table 11, a d d i t i o n  

Add i t i on  o f  potassium i n -  
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Table 11, the  char y i e l d  was reduced somewhat by t h i s  t reatment,  b u t  n o t  t o  the  degree 

decomposition temperature wh i l e  a c i d  washing decreased the  decomposition temperature. 
I n  fac t ,  the  decomposition p a t t e r n  i s  very  much l i k e  t h a t  of ca lc ium- t rea ted  cottonwood; 
thus the  reduc t ion  i n  char y i e l d  does n o t  appear t o  be due t o  phys ica l  changes, bu t  
r a t h e r  resu l t s  from removal o f  elements such as potassium which tend t o  reduce the  
decomposition temperature and enhance char r ing ,  a l l ow ing  the  opposing e f f e c t  o f  calc ium 
t o  be more pronounced. The tendency o f  ca lc ium t o  be removed l e s s  r e a d i l y  from wood 
by ho t  water treatment, combined w i t h  i t s  p r e f e r e n t i a l  a d d i t i o n  t o  wood from so lu t i ons  
conta in ing  bo th  potassium and calcium, i n d i c a t e  s t ronger  b ind ing  by wood o f  ca lc ium 
ions  and presumably o ther  a l k a l i n e  e a r t h  metals such as magnesium, which i s  a l so  
present i n  subs tan t ia l  q u a n t i t i e s  i n  many species o f  wood. 

a re  fu r the r  i l l u s t r a t e d  by the  DTG's shown i n  Figures 2 and 3. 
t he  ef fect  o f  ac id  washing on the  r a t e  o f  thermal decomposition o f  cottonwood and 
Douglas fir. 
a t  l ow  temperatures (250-350OC) and enhances the  pr imary decomposition which peaks 

I near 385°C. Since the  low temperature 'shoulder '  i n  t he  DTG o f  wood i s  genera l l y  

of t h i s  f r a c t i o n  which i s  most a f fec ted  by the  a c i d  washing. 
assoc ia t ion  o f  inorgan ic  species w i t h  the  hemice l lu lose  f r a c t i o n  through the  g lucuron ic  
a c i d  groups fu r the r  suggests t h a t  inorgan ic  species a c t  p r i m a r i l y  on the  hemice l lu lose  
f r a c t i o n  and reduce i t s  decomposition temperature. 
ca t ions ,  the  hemicel lu loses decompose a t  h igher  temperatures and produce l e s s  char.  

cottonwood. The DTG o f  un t rea ted  cottonwood i s  shown by do t ted  l i n e s  f o r  comparison. 
The DTG of  t he  potassium-exchanged sample [Figure 2 (A) ]  shows t h a t  t he  low temperature 
'shoulder , which was reduced by a c i d  washing i s  res to red  by the  potassium treatment.  
The ' ce l l u lose  peak' has the  same general shape, bu t  i s  s h i f t e d  t o  much lower temperature. 
With add i t i on  o f  ca lc ium t o  acid-washed cottonwood [Figure 2(8)] ,  t he  low temperature 
shoulder i s  res to red  t o  a l esse r  ex ten t .  When the  wood i s  t r e a t e d  w i t h  a s o l u t i o n  
con ta in ing  potassium and ca lc ium [Figure 2(C)], t he  decomposition i s  i d e n t i c a l  t o  
t h a t  o f  t he  ca lc ium- t rea ted  wood, except the  low temperature shoulder i s  res to red  t o  a 
g rea ter  ex ten t .  
F igure  2(D), i s  a l s o  very much l i k e  t h a t  o f  ca lc ium- t rea ted  cottonwood. These r e s u l t s  
i nd i ca te  t h a t  potassium has the  grea tes t  e f f e c t  on the  decomposition o f  t he  hemice l lu lose  
f rac t i on ,  even though ca lc ium i s  p r e f e r e n t i a l l y  bound by i o n  exchange. 
the  ove ra l l  decomposition o f  un t rea ted  cottonwood, as i nd i ca ted  by the  char y i e l d  
and temperature o f  t he  c e l l u l o s e  decomposition i s  more c l o s e l y  r e l a t e d  t o  the  e f f e c t  o f  
calcium. as discussed prev ious ly .  

pure ce l l u lose  a re  a l so  shown i n  Table 11. 
the  exchange treatment was e l im ina ted ,  s ince  pure c e l l u l o s e  has few exchange s i t e s  
and a l l  of  t he  s a l t  was removed by water ex t rac t i on .  These data show t h a t  t he  e f f e c t s  
o f  adsorp t ion  o f  potassium o r  calc ium s a l t s  on c e l l u l o s e  decomposition are  very  
d i f f e r e n t  f rom the  e f f e c t s  o f  t he  corresponding s a l t s  added t o  wood through i o n  
exchange. 
o f  acid-washed ce l l u lose ,  wh i l e  i t  decreases t h a t  o f  wood. 
i n  both wood and ce l l u lose .  
calc ium increases the  decomposition temperature on ly  s l i g h t l y ,  whereas i t  d ramat i ca l l y  
increased the  decomposition temperature o f  wood. 
due t o  counter ion  e f fec ts ,  which would be absent i n  the  ion-exchanged wood samples, 
a l though these e f f e c t s  a re  expected t o  be minimal w i t h  the  ace ta te  and carbonate s a l t s  
used i n  t h i s  study. 
w i t h  potassium has a l so  been noted w i t h  o the r  a l k a l i  metal s a l t s ,  p a r t i c u l a r l y  sodium 

\ observed w i t h  a c i d  washing. Furthermore, t he  ho t  water e x t r a c t i o n  increased the  

The e f f e c t s  o f  a c i d  washing and i o n  exchange treatments on wood decomposition 
F igure  2 shows 

I n  bo th  samples, ac id  washing r e s u l t s  i n  a lower r a t e  o f  decomposition 

I a t t r i b u t e d  t o  decomposition o f  hemicel lu loses (3,4), i t  i s  apparent ly  t he  decomposition 
The l i k e l i h o o d  of 

I n  the  absence o f  exchanged 

Figure 2 shows the  e f f e c t s  o f  several  t reatments on the  DTG o f  acid-washed 

The DTG of cottonwood which was ex t rac ted  w i t h  ho t  water, shown i n  

However, 

The e f f e c t s  o f  a c i d  washing and a d d i t i o n  o f  potassium and ca lc ium s a l t s  t o  
I n  t h i s  case, t he  water e x t r a c t i o n  a f t e r  

Potassium treatment d ramat i ca l l y  increases the  decomposition temperature 
The char  y i e l d  increased 

Conversely, t reatment o f  acid-washed c e l l u l o s e  w i t h  

Some o f  these d i f f e rences  may be 

The increase i n  c e l l u l o s e  decomposition temperature a f t e r  t reatment 

(5,6)* 
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The e f f e c t s  o f  a d d i t i o n  o f  s a l t s  t o  wood beyond the  exchange capac i ty  a re  shown 
i n  Figures 4 and 5. These samples were prepared by reducing o r  e l i m i n a t i n g  the  
water wash a f t e r  i o n  exchange treatment.  F igure  4 shows t h a t  the  e f f e c t  o f  bo th  
s a l t s  on char y i e l d  cont inues  t o  increase as the  l e v e l  o f  a d d i t i o n  i s  increased. 
Thus, adsorbed s a l t s  and exchanged ca t i ons  appear t o  have s i m i l a r  e f f e c t s  on the  
char y i e l d  i n  wood, as would be p red ic ted  on the  bas is  o f  t he  r e s u l t s  f o r  adsorpt ion 
o f  s a l t s  on ce l l u lose .  

o f  a d d i t i o n  o f  s a l t s  i s  shown i n  Figure 5. 
s a l t s  beyond the  exchange capac i t y  cont inues t o  reduce the  decomposition temperature, 
whereas potassium d ramat i ca l l y  increased the  decomposition temperature o f  ce l l u lose .  
The most l i k e l y  exp lanat ion  f o r  t h i s  behavior i s  t h a t  the  increased potassium treatment 
cont inues t o  decrease t h e  decomposition temperature o f  the  hemicel lu loses, and the  
decom o s i t i o n  products o f  t h e  hemicellu!ose f r a c t i o n  ca ta lyze  decomposition o f  the  
cel luyose f r a c t i o n .  
t i o n  temperature s l i g h t l y ,  which i s  p red ic tab le  on the  bas is  o f  t he  e f f e c t s  o f  calc ium 
on c e l l u l o s e  decomposition. 

The dependence o f  t he  temperature o f  t he  maximum r a t e  o f  weight l oss  on l eve l  
Su rp r i s ing l y ,  adsorp t ion  o f  potassium 

Adsorpt ion o f  calc ium on wood reduces t h e  i n i t i a l l y  h igh  decomposi- 

CONCLUSIONS 4 

The r e s u l t s  o f  t h i s  s tudy  show t h a t  inorgan ic  species, whether present as I 

components o f  t he  na tu ra l  ash f r a c t i o n  o r  as added ca ta l ys ts ,  have a s i g n i f i c a n t  
e f f e c t  on temperature and ex ten t  o f  p y r o l y s i s  o f  wood and even the  phys ica l  s t ruc tu re  
o f  t he  r e s u l t i n g  char.  The e f f e c t s  o f  s p e c i f i c  ca t i ons  added t o  wood by i o n  exchange 
are d i f f e r e n t  f rom the  e f f e c t s  o f  t he  corresponding s a l t s  adsorbed on ce l l u lose .  
The o v e r a l l  decomposition o f  un t rea ted  cottonwood appears t o  be a f fec ted  p r i m a r i l y  
by the  presence o f  calcium, which i s  the  predominant component o f  t he  ash. However, 
the decomposition o f  the  hemice l lu lose  f r a c t i o n ,  which precedes the  pr imary de- 
composition o f  t he  wood, depends i n  la rge  p a r t  on the  presence o f  potassium ions. 
The l o s s  o f  c e l l u l a r  s t r u c t u r e  i n  acid-washed wood i s  be l ieved t o  be due t o  enhanced 
v o l a t i l i z a t i o n  o f  t he  f i b r o u s  carbohydrate components which prov ide  the  s t r u c t u r e  o f  
t he  c e l l  w a l l .  
which can f l o w  a t  h igh  temperatures. 
species w i t h  the  hemice l lu loses  th rough i o n  exchange, i t  i s  very  l i k e l y  t h a t  
decomposition o f  t he  hemice l lu loses  con t r i bu tes  s i g n i f i c a n t l y  t o  char  fo rmat ion  i n  wood. 

The char then a r i s e s  p r i m a r i l y  f rom l i g n i n ,  an amorphous polymer 
Because o f  t he  c lose  assoc ia t i on  o f  inorgan ic  
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Figure  1 .  Photomicrographs o f  chars prepared from unt rea ted  and acid-washed 
cottonwood, (Magn i f i ca t ion :  60X) 

t 

200 300 400 500 
Temperature ( " C )  

Figure  2. E f f e c t s  of a c i d  washing on the  r a t e  o f  weight l oss  
(DTG) from cottonwood and Douglas fir. The OTG o f  
t he  un t rea ted  sample i s  i nd i ca ted  by do t ted  l i n e s .  
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Figure 3. Effects of ion exchange and hot water extraction on the 
rate of weight loss (DTG) o f  cottonwood. The DTG of 
untreated cottonwood i s  indicated by dotted lines. 
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F i g u r e  4 .  
a d d i t i o n  of  c a l c i u m  (0) and 
Potass ium (0) on t h e  c h a r  y i e l d  
f rom cottonwood. 
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F i g u r e  5. E f f e c t  o f  l e v e l  o f  
a d d i t i o n  o f  c a l c i u m  (0) and 
po tass ium (0) on t h e  tempera- 
t u r e  o f  t h e  maximum r a t e  o f  
w e i g h t  l o s s  f rom cot tonwood.  - 
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